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uescnpuon 

Background of the Invention 

[0001] The invention resales to a deformaWe tube. 
[0002] K Is known from US patent specflications Nos. 
3.353.599 and 5.014.779 to insert a corruoated tube 
into the weJbore of an underground borehole and to 
expand the tube ctownhote into a tubular shape. 
[0003] US patent specification No 5.366,012 dis- 
closes the expansion of a slotted pipe of which the stats 
open up as a result of the expansion so as to reduce the 
rsc&aJ torces needed to expend the pipe. 
[0004] The use of slotted or btfialy corrugated pfces 
has the disadvantage tiwt the emended pipes have a 
timftad mechanical strength. 
[0005] Intameltonalpatertfappacatkn 
WO 96/00626 dacJoses the expansion of an unstotted 
cyfindrical pipe by means of an expansion mandrel. 
[0006] A cfisaoVantagt of the latter expansion method 
Is fiat forces to expand *e pipe are relatively high and 
that the pipe contracts as a result of the expansion proc- 
ess. 

[0007] ft is an object c4 trie presertirwento 
ale the afeaoVantages of the known techniques and to 
provide a robust and deformable tube which can be 
expanded or otherwise deformed by using a relatively 
low deformation force. 

[0006] The deformable tube according to the invention 
thereto comprises a was* which i6 at least parity formed 
by a number of tubules, wherein at least onofcAuliisat 
taut partty deformed in reeponse to ozonation of the 
tube. 

[0009] ThedefonTtaticnmeyinvoto 
change of the tubUar shape of the tubules, which 
requires principally bending forces which are signfi- 
cantty tower than the tension forces that are required to 
expand a tubular cyfindrical ppe. 
[0010] It may be required to obtain a tube which can 
be deformed easfly in an axial or in a radial drecbon or 
in both ejections. A radiafly deformable tube is useful if 
toetubeisforexanpletobeusedasanoi anoVbroas 
production tubing which Is to be irwertedtto a relatively 
narrow and Inegutarty shaped undergjound wefcora 
An wdafly deformable tube is useful if the tubeisapro- 
duction iner or tubing, a wei casing or other well tubular 
which is Installed In a cornpacting reservoir where there 
is a riek of bucWng of the weJ tubularsasaresunof the 
compaction process. 

[0011] rl a racSaJJy detormable tube is reo^ired it is pre- 
ferred that the wail of tw tube teat least partty formed 
by a series of axial tubules which each extend in a dbec- 
bon substantially parallel to a toncjtuolnaJ axis of the 
tube such that upon a racial def o rma ti on of the tobe the 
axial tubules are at least partly deformed. 



[0012] If an asaOy deformable SJbe is required a is 
preferred that the wafl of the tube is at least partly 
formed by a series of toroidal tubules which extend in a 
substantial circular direction around a longitudinal axis 
5 of the tube such that upon axiaJ deformation of fie tube 
the toroidal tubules are si least rjanly flattened or other- 
wise deformed. 

[091 3] If a tube is required which is both axiafly and 
radially deformable. rt is preferred that the wal of the 

10 tube 13 at least partly formed by one or more hefical 
tubules wfich extend in a substantia^ hetical direction 
with respect to a longitucinal axis of the tube such that 
upon deformation of the tube in a direction which is ori- 
ented at an angle relative to a longitucinal direction of 

is each of tie helical tubules, at least one of the hefical 
tubules is deformed. 

[0014] The tubules may be made of a metal, plastic, 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to adjacent tubules or 

20 otrwrjajtstf the wall d the tobe. 

[poi5] The tubules may before expansion have a 
folded, cyfindricaJ. elliptical or prismatic shepe and may 
as a result of the expansion be unfolded or flattened into 
an effipbcal, cylindrical or prismatic shape. 

25 [0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
open up as a resutt of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubules Into the space sumxjnoSng the tube. 

so [0017] In that case the fluids that are squeezed from 
the interior of the tubules may contain one or more 
chemicals, such as a chemical treatment fltid or com- 
ponents of a Bquid cement slurry or conponents of a 
curing agent which <x>nponents are onry mixed when 

as or after toey have been squeezed out of thetubuJes. 

[0018] The invention wil be described In more detail 
40 ard by way of example with reference to the acconpa- 
nytog drawings, in which 

Rg. 1 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
45 that is made of a series of axial tubules which are 
cyflnoncaJ before expansion and eCptica) after 

Rg. 2 is a cross-axial sectional view of a tube botti 
before and after expansion, which tube has a wafl 
so that comprises a series of axfad tubules which are 
prismatic before expansion and elliptical after 
expansion; 

Fig. 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
55 that is made of a series of axial tubules which are 
etfpbcal both before and after expansion; 
Fig. 4 is a cress-axial sectional view of a tube 
before expansion where the wafl of the tube com- 
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prises a series of anal tubules and tie tube is 
folded into a substantially flat shape before it is 
unfolded and expanded; 

Rg. 5 is a longitudrsd sectional view of a tube 
which comprises a wal that is made of a series of 5 
toroidal tubules; 

Rg. 6 is an enlarged dotal showing the cylndrical 
shape of three of me toroidal tubUes that are encir- 
cled in Fig. 5; 

Fig. 7 is a tongftufinal sectional view of the tube of to 
Fig. 5 after axial compression of the tube; 
Fig. 8 is an enlarged dotal showing the efliptiCBJ 
shape of three of the toroidal tubules that are encir- 
cled In Rg. 7; 

Fig. 9 is a cross-axial sectional view of a racSaly f * 
expandable tube co mp ri si ng six axial or beBcsJ 
tubules both before and after expansion of the tube; 
Fig. 10 te a cross-axial sectional view of an unex- 
paixJedtubeofwhk*»»walcornp^ 
folded tubules which ixttokl into t cySndricaJ shape so 
during the process of expanding the tube: 
Rg. 11 is a cross-axial sectional view of another 
unexpended tube configi^wi where tr>e wall com- 
prises a series of folded tubes which unfold into a 
cyfcvJrical shape during the process of expancfing as 
the tube; and 

Rg. 12 is a cross-axial sectional view of an unex- 
panded tube which tote open cHjring me ex pan si o n 
process and which conprfees a tubule which acts 
as a plastic hinge and which is Rattened as a result so 
of the expansion process. 

Delated dasmrjfon of the invention 

{0019] Referring now to Rg.1 there issric^ * 
in a cylndrical wetoore or other cevtty 2, which tube 1 
has a wal that is made up of a series of axial tubutos 3 
which are substantially cylindrical before expansion of 
the tube 1 and eirpticaJ after expansion of the tube 1 to 
an enlarged dumeter. as Illustrated by reference <o 
numeral 3R 

10020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the hydraulic 
pressure in the Nerior4of tfie tobe 1. As a result of the 
expansion process the tubules 3 are subject to a bend- 45 
tag process so that relatively tow forces are required. 
[0021] If the tubules 3 are made of steel or another 
metal then ft is preferred twt the tutxies 3 are sintered, 
welded or brazed together along tha length of the areas 
5 where the tubules 3 touch each other. so 
[0022] If the tubules 3 have an tmpermeable wal and 
the tube 1 is used temporarily in the cavrty 2. tor exam- 
ple to provide a temporary seal, then the tubal can be 
radially contracted again by purplng * pressure 
fluid into the interiors 8 of tha tubules 3. which wi ss 
induce the flattened tubules 3B to resume their tubiiar 
shape, so that the tube 1 racial shrinte end can be eas- 
ity removed from the cavity 2. 



[0023] tf the tube 1 is to be used permanently in the 
cavity 2. for example H the tube lis to be used asawefl 
casing, then at least some of tie tubules 3 may be fled 
with fcxJd components of a cement slurry or other cur- 
rg agent such as a silicone gel and me outer wall of 
these tubules may contain openings 7. or weak spots 
which are opened as a result of the expansion process, 
via which said Squid components are squeezed into the 
surrounding annular space 8 eurrourxJtag tie expanded 
tube 1 and the Squid components mix up and cure to a 
hardened cement silcone or other cured sealing conv 
position. 

[0024] Rg. 2 iustrates an tttematrve •rrtxxirnerrt of 
the cteformatole tube accorrjng to fre Invention. This 
tube 9 is also radially defbrmabie and comprises a 
series of tubutos 10 which are prismatic before expen- 
sfon and effiptical after expansion, as ■ustrated by refer- 
ence numeral 106. 

0)025] The tubules 10 are anerip^ sUxtfantiafly 

aJM to the tongrtoolnal axis 1 1 at tie centre of the tube 

9. The tubules 10 are made of steel or another metal 

and are corrected to each olr^ 

brazed or sintered bonds 1 1 . 

[0026] Fig. 3 shows yet another embodiment of the 

detormable tube according to the invention, in which the 

tube 12 is radially o^formatte and comprises a series of 

tubUes 13 which are efliptical before 

elipticet almost flattened shape after racial expansion 

of the tube 12. 

P)027] lnmiser^txx*TH*Tt the tubules 13 d 
a first efliptical shape, illustrated by reference numeral 
13A in which the largest width of the eficticaJ tubules 
13A has a racial orientation into a second effiptical 
shape, iflustrated by reference numeral 13B in which the 
largest width of the efliptical tubules 13A hasatangen- 

MS — » il, i. Until 111 

aai utttp tmiih^* 

10028] Referring now to Rg. 4 there is shown a 

detormable tube 14 which comprises a series of axial 

tubules 15. wherein two pairs of tubules at opposite 

sides of the tube 14 are interconnected by plastic 

hnges 16. These plastic hinges 16 alow the tube 14 to 

be stored and transported in a flattened shape e g 

around a reeling drum (not shown). 

[6029] When tie tube 14 is then unreeled trom the 

reeing drum it can be brought into a cylndrical shape 

by a guide funnel (not shown). If the tube 14 Is to be 

usedteWeawelwIrx^ariQtr^ 

cat tube 14 is then reefed into the wellxre a tiie interior 

of the other tubular and expanded for exarrx^bypump- 

ing a Wgh pressure fluid Into the Interior 17 of the tube 

14. 

[0030] The inrbafly flattened tube conTxjuration shown 
in Rg. 4 allows an easy storage and eansport of the 
tube 14. a.g. on a small diameter reeling drum, during 
tie marwfacturing stage and during transport from the 
manutacturing site to the site where the tube 14 is to be 
used. 

[0031] Figures 5. 6, 7 and 8 show yet another embod- 
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iment of the defbrmebte tube acoorcl ng to the invention 
in which the tubules 18A. B have a toroidal shape in 
order to make the tube 19 axiafly deformable. 
[0032] The tube 19 shown in Fig. 5 can be a produc- 
tion Sner in a conpacfing oil or gas bearing formation, 
where as shown In detafl In Rc> 6 the toroidal tubules 
18A have a substanflaly c*lndrical shape. In the config- 
uration shown in Fig. 7 the tube 19 has axiafly con- 
tracted so that its length is 18% shorter than its original 
length shown In Rg. 5. 

[0033] As a result of tie axial contraction of the ti>e 

19 the tubules 18B shown in Fig. 7 have been deformed 
into an etjpticaJ shape, as m shown in more detail to fig. 
8. 

[0034] Referring now to fig. 9 there is shown a tube 

20 which is expended within a weflbore 21 or other cav- 
ity 

[0036] The tube 20 has a waJI that comprises six 
tubules 23. 24. 25. 26. 27 and 28 which extend in an 
ixaU or helical ccrfgurabon relative to the k)r*rtufinal 
axis 29 of the lube 20. 

[0036] Adjacent tubutos 23. 24. 25. 28. 27 and 28 are 
interconnected along tier length by eiongate welds 32. 
Plastic Nngee 22 are located fci the wafia ol the tubules 
23-28 at both sides of each weld 32. 
[0037] The umwpanded tube 20 is shown at the cen- 
tre of the drawing. The six unexpended tubules 23-28 
each have the form of a pie sector and only a minor gap 
80 is present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped into 
the gape 30 which wffl induce the tube 20 to expand until 
the wails o< the tubules 23-28 are stretched and/or the 
outer walk of the tubules 238-28B are pressed against 
die wefljoratl 

[0038] The volume-efficient tube con f ig u r a tion shown 
in Rg. 9 is attractive itoe tube 20 is to be Inserted Into 
the weSxxe 21 via a narrow excess, such as a small 
diameter production tubing. Furthermore the internal 
volume of the unexpended tubules 23-28 is retattvery 
large whereas the internal volume of the expanded 
tubules 23B-288 is relatively small so that rf the walls at 
the outer circumference of the tubules 23-28 we perfo- 
rated or become during expansion otherwise flux* per- 
meable a relatively large volume of fluids is squeezed 
from the interior of the tubules 23-28 into the surround- 
tog annutus andtor formation. 
[0039] Inthfewayareialrvely large volu^ 
agent and/or treatment fluid can be injected into > the 
annutuB surrouncSng the tube 20 andtor the formation 
3 1 surrouncSng the wefcore 21 . 
[0040] The externally permeable tube 20 ie very suit- 
able to Inject treatment fluids into an underground for- 
mation 31 which comprises along the length of the 
weabore 21 layers of varying perrneaba&y. If the outer 
wale of the tubules 23-28 haveasip^kjartlyk^flukJ 
permeaJbflity than the surrounding formation 27, then, 
as soon as the outer wafl of the tubules 22B-268 is 
pressed against the weflbore 21. a relatively constant 



fkix of treatment fluid w3 be squeezed into the various 
grounding formation layers so that the risk of injection 
of treatment fkjid mainly into the permeable formation 
layers and by-passing of less permeable layers is mini- 
5 nrized. 

[0041] Hthetube20teused«satrealn^fkjklrr^ 
tion too) then the outer watfs of the tubules 23-28 may 
be made of a permeable rubber and/or a fabric and the 
inner walls of the tubules 23*28 which face the interior 
10 30ofthetube30rTwyberr*^c4ft^ 

bar. After injection of toe treatment fluids the pressure in 
the interior 30 of the tube 20 may be reduced so that the 
tube 20 radiaJry contracts and can be removed from the 
borehole. 

is [0042] Instead erf alcwing toe Uxj 20 to contract after 
fluids have been injected into the fcxmation the tube 20 
may be aflowed to harden In the expanded position 
against the weflbore 21 by irrpregnaltog the fabric or 
other material with a stowty cwrtogerjoxyorrjtherplaslfc 

to composition, so that the soikflfied tube 20 then serves 
as a welt finer. 

[0043] The tube 20 and the tube ccnTguraSons shown 
in figs 1-4 may also have walls that are made of a sieve 
material. In that case the tube may be expanded by an 
25 expansion cone or by a balloon that Is inflated in the 
interior of the tube. 

[0044] Since the sieve material that then forms toe 
walls of tubules is mainly bent and not or hardly 
stretched the sieve opening size will remain fairly con- 

30 stant during the expansion process. The expended ti» 
of sieve material then serves as a filer that prevents 
sand and other solid materials to enter the weflbore 21. 
[0045] The radialy expandable tube 20 and the other 
radafly expandable tube configurations shown in Figs. 

as i^may also be made of tubules 23-28 which are made 
of a fluid topermeette material, such as steel which 
orty deforms * the pressure in the interior 30 of tie tube 
exceeds a pre-set level. In that case the tube may be 
rotated as a production tubing which serves as a 

40 dcwnrvJebtow-outrgroventw 

of the annutus surrounding the production tobtog if a 
blow-out occurs. The rarfalry expandable tube configu- 
ration shown In Rg. 9 can also be used as a dril string. 
In thai case driiSng mud is punped through the interior 

45 of the tubules 23A-28A during oriling. At the end of a 
orfltog cycle high pressure fluid is injected into toe Inte- 
rior 30 of the tube 20 so tiat the tuba 20 la expanded 
against the borehole wafl 21 and forms a fining of the 
weftooreandthecWbrtarxictownhrf 

50 is puled to the surface by e wlrefine or coiied tubing 
passing through the interior 30 of the tube 20 and ateo 
serves as an expansion cone. 
(0046) Ifonly minor expansion of the tube is recM<ed 
then the wall of toe tube may be provided with only one 

55 or a few axiaJ or heficaJ tubules. 

[0047] H the waH of the tube 20 or the ether racially 
expandable ccrxTgirrations are made of a rubber or 
other eJastxafly deformable materia) then the expanded 
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tube may serve as a high expansion packer or bridge 

plug. 

[0048] ItwiHbe understood that » the tubules are ori- 
ented in an axial ejection a racially defonrafale tube wi 
be obtained. I the tubules are oriented in a circumferen- 
tial fraction as shown in Figs. 5-6 then an axiafly 
detormable tube win be obtained. 
[0049] If the tubules are oriented in a heficaf direction 
the tube win be detormable both in axial and racial 
directions and the pitch angle of the heScal configura- 
tion of the tubules wil then Wbence the degree in 
which the tube is axialfy or radially detormaWe. 
[0060] Rg lOsriowsacay^gufBix^wtweatuc^W 
comprises a wall that consists of a series of axial tolda- 
Ue tubules 41. 

[0061] If the tubules 41 are made of steel then they 
are Weroonnected side by side along their length by 
axU welds 42. Each tubule 41 comprtees at tie outer 
cvcumference of the tube 40 a single plastic Nnge 43 
and at the inner tircumference of *e tube 40 a set of 
lour plastic hinges 44. 45, 46 and 47. Each of these 
plastic hinges 43-47 is formed by machining an axial 
groove in the inner and/or outer surface of the wall of the 
tubule 41. 

[0052] The set of tour plastic hinges 44-47 defines a 
wal segment where the tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 48 that 
laces the Interior 49 of the tube 40. 
[0053] The tLfce 40 is axpair^ by purrping a pressu- 
rized fluid into the interiors 50 of the tubules 41 which 
causes the tubules to unfold by ringing about the plastic 
hinges 43-47 so that the tubules 41 each obtain a cylin- 
drical shape (not shown). 

[0064] /Uaresuttoftheuntolc8ngofthetubules41 the 
tube 40 obtains a larger external and internal cSameter. 
[0055] Rg. 1 1 shows another tube 51 which com- 
prises a wall that consists of a series of axial toWatie 

tubules 52. 

[0056] If the tubules 52 are made of steel then they 
are interconnected side by side along their length by 
axial welds 53. Each tubule 52 comprises both at the 
outer and trie inner circumference of the tube 51 a set of 
tour ptastic hinges 54 that are formed by machining 
axial grooves in the inner andtor outer surface of the 
wan of each tubule 52. 

[0067] Eachsetcyfourrjiastk:Nnges54deiV«sawai 
segment where the tubules 52 can be toidedlnwardryto 
form aU-or delta-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of t» tube 51 . 
[0058] The tube 51 Is expanded by pumping a pressu- 
rized fluid into the interiors 58 of tie tubules 51 which 
causes the tubules 52 to untold by hinging about the 
plastic hinges 54 so that the tubules each obtainacyfirv 
Oncai snaps {not snownj. 

[0059] As a result of the unfolding of the lubules the 
tube 51 obtains a larger external and internal ctemeter. 
[0060] Rg. 12 shows a toldable tube 60 which com- 
prises at its lower side a single plastic hinge that is 



formed by an axial tubule 61 arid at its upper side a set 
of four plastic hinges 62 that are formed by machining 
axtal grooves in the outer or inner surface of the wan of 
the tube 60. 

5 [0061] The four plastic hinges 62 def ine a derta- 
shaped recess 63 at the upper side of the tube 60, when 
tie tube is In its folded shape. 
[0062] The tube 60 is unfolded by pumping a pressu- 
rized ftukl into the interior 64 of the tube GO. Thrt causes 

io the tube to untold in the rjrection of the arrows into the 
cylindrical shape which is iBustrated by the broken Ines 
60A The tubule 61 tien acts as a plastic hinge and 
obtains as a result of the unfolding of the tube 60 the 
ellptical shape which Is fltustrated by broken Ines 61 A. 

is |0063] The tubule 61 is made of a plasticairy detorm- 
able material, such as a formaWe Ngtvstength low* 
aloy or dual phase steel grade, which atso provides 
flaxfoiSy to tie tube 61 in circumferential drecSon dur- 
tog the urtfokSng procedure. After f* uritotfrig proce- 

20 dure a curing agent may be pumped into the interior65 
of the elliptical tubuto 61 A to reinforce the tubule 61 A 
The interior 65 of the tubule 61 may corraxise eiecxrical 
ancVor hydrauSc conduits for transmission of electric 
ancVor hydraulic power andfor signals along the length 

25 of the tube. 

[0064] The embodiments of the deformatte tube 
shown to tie drawings provide a tube which can be 
deformed easily and which can be reeled on a reefing 
drum. The tube can be unreeled from the drum and 

30 rejected into an underground borehole or other cavity in 
which the tube is to be used. The tube is subsequently 
deformed Inside the borehole or other cavtty by ctiang- 
ng the tubular shape of one or more tubules in the wail 
of the tube. The deformation may involve flattening. 

35 unfcxcfng or other deformation of the tubule or tuW 

Claims 

1. A detormable tube having a wall which is at toast 
40 partly formed by a number of tubules, wherein at 

least one tubule is at least partly deformed to 
response to deformation of the tube. 

2. The detormable tube of claim 1 , wherein the wal of 
45 the tube is at least pastry fomied by a sento 

totxJes which each extend to a direction substan- 
tial^ parallel to a tongftudnaJ axis of the tube such 
toat upon a radial deformation of the tube the axiaJ 
tubules are at least party deformed. 

so 

3. Thedeformabte tube of daim 1. wherein the wal of 
tie tube is at least partly formed by a series of toroi- 
dal tubules which extend in a substantial circular 
drection around a longitudinal axis of the tube such 

55 that upon axial deformation of the tube the toroidal 
tubules are at least party deformed 

4. The detormable tube of daim 1 . wherein the wal of 
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the tUbe is at toast partly formed by one a more 
heficaJ tubules which extend in a subetantiaJfy heD- 
cai direction with respect to a tongjtucfnai axis of 
the tube such that upon deform ati o n of the tube in a 
direction which Is oriented at an angle relative to a 5 
tongitucfnaj Direction of each of tie helical tubules, 
at least one of the helical tubules is at toast parity 
deformed. 

5. Thedefon^etubeofdaiml. wherein the wafl of to 
the tube is at toast partly formed by a number of 
substantially parallel tubules which are arranged 
side by side and are connected to each other. 

6. The deformabto tube of daim 5. wherein the is 

ed*acertsixjles substantially touch each other and 
are filtered, wetted spot welded, brand, bonded, 
or otherwise secured to each other. 

JO 

7. The deformabto lube of daim 5. wherein the 
tubules are made of a plastic or eiastomeric mate- 
rial or a fabric end the sides of acfacent tubules 
substantially touch each other and are bonded to 
each other. 25 

8. The deformable tube of daim 1, wherein before 
deformation of the tube the tubules riaveasubstan- 
tialy cylindrical shape and deform into a substan- 
tiaty ellpticaJ or flattened shape in response to x> 
deformation of the tube. 

9. The deformable tube of claim 1. wherein before 
deformation of the tube the tubutesr^ 

tialy prismatic shape and deform into a substan- * 
tiaty flattened shape in response to deformation of 
the tube. 

10. The deformable tube of daim 1. wherein the 
tubules contain at the outer periphery of the tube *o 
openings or weak spots which open up as a result 

of the defor m ation process such that one or more 
fluids are squeezed from the interior of the tubules 
into the space sur ro un di ng the lube, 

45 

11. The defonrstte tube of daim 

that are squeezed from the Interior of the tubules 
contain one or more chemicals, such as compo- 
nents of a liquid cement slurry, compone* * of a 
curing agent or a chemical treatment fluid. so 
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Fig. 10. 
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